Adequate matching methods are critical for accurate volumetric-modulated arc therapy (VMAT). We investigated the dosimetric differences in the target and organs at risk (OARs) between bone matching and target matching in patients with prostate cancer treated with VMAT. The relationship between the dosimetric differences and interfractional motion of the prostate was also evaluated. Forty patients with prostate cancer classified as intermediate risk were enrolled in a study to assess the differences in dosimetry between two matching methods. These patients were treated with VMAT and prescribed dose was 78 Gy. The dose distribution was calculated using cone-beam computed tomography (CBCT) for this study. We selected clinical target volume (CTV) as the target, and the rectum and bladder as the OARs. The Dmean, D98, D95, and D2 to the target and V10-V70 to the OARs were calculated as different dose from target matching value minus bone matching value. Multiple regression analysis was used to evaluate the effect of interfractional motion of the prostate on the differences in dose. The CTV D95 values differed by −0.22 ± 1.01 Gy (mean ± standard deviation). Rectum and bladder V70 values differed by 4.6% ± 7.2% and −2.6% ± 7.2%, respectively. There was a correlation between interfractional motion of the prostate and the dose differences to OARs (R 2 = 0.73 -0.94). The dose differences to OARs also varied depending on the direction of the prostate's motion. We found that bone matching resulted in an increased rectal dose and high risk of decreasing dose to the CTV.
Introduction
Intensity-modulated radiotherapy (IMRT) for prostate cancer can deliver a more adequate dose distribution to the target while sparing normal tissue compared with conventional irradiation methods. This allows a higher dose to reach the target [1] [2] . The technique requires very high accuracy to minimize the chance of complications [3] . Guidelines recommend the use of image guidance [4] , and studies have reported the resulting improvements in the accuracy of delivery and decreased complication rates [5] [6] [7] .
There are various image guidance options for prostate cancer, including ultrasound [8] , portal imaging with fiducial markers [9] , megavoltage (MV) computed tomography (CT) [10] and kilovoltage (kV) cone-beam CT (CBCT) [11] . Nakamura et al. [12] reported that, in Japan, 47% of sites used bone matching with image-guided radiotherapy (IGRT) for prostate cancer treatment planning and 40% used target matching, with the other sites using fiducial markers. Target and bone matching methods differ in that target matching includes correction for interfractional organ motion of the prostate while bone matching does not. However, motion blur due to long acquisition times and image artifacts is an issue in target matching using CBCT [13] .
Comparison of bone and target matching has found that they result in different doses to the rectum and bladder [14] [15] [16] [17] . The distance and direction of interfractional motion of the prostate may vary with different immobilization and preparation methods, and can vary among institutions [18] . Rijkhorst et al. [17] reported that the dosimetric effect of different matching methods is dependent on interfractional motion of the prostate in the anteroposterior direction. Knowledge of this effect is important when choosing a matching method.
However, the optimal way of choosing a matching method has not been sufficiently investigated.
In this study, we assessed interfractional motion of the prostate and the resulting dosimetric effects on the target and organs at risk (OARs) using the bone and target matching methods. All patients gave written consent to participate in the study.
Materials and Methods

Patients Selection
Preparations
Each patient was instructed to have a full bladder and empty rectum during CT Figure 1 shows the IGRT protocol used in this study. After setting up skin markers to position lasers for the replication of patient position, bone matching was performed using the ExacTrac® (BrainLAB, Heimstetten, Germany) X-ray 6D image-guided system (tube voltage 120 kV, tube current 160 mA, time 160 msec). We performed this in three planes and two axes corrections (anterior-posterior, superior-inferior, lateral, and pitching and rolling, respectively) using a 6D robotic couch. Subsequently, CBCT (125 kV, tube current 80 mA, time 13 msec, slice thickness 2.5 mm, half fan mode) image data were acquired using the On Board Imager (OBI®, Varian Medical Systems, Palo Alto CA, USA), which is a CBCT mounted on a NovalisTx® linear accelerator (Varian), and target matching was performed manually by one medical physicist in three directions (anterior-posterior, superior-inferior, lateral). After bone matching by ExacTrac, the CBCT images, prior to undergoing target matching, were also used Figure 1 . IGRT procedure in this study. After aligning skin markers with a laser, auto bone matching was performed using the ExacTrac system in all cases. Target matching was performed using CBCT. CBCT = cone beam computed tomography.
Image Guided
for bone matching, and the same images, after undergoing target matching, were defined as "target matching images." Image-guided volumetric-modulated arc therapy (VMAT) was planned using Eclipse® version 10.0 (Varian Medical Systems, Palo Alto CA, USA).
CBCT was acquired before every fraction. Five CBCT image datasets were randomly selected, and clinical target volume (CTV) and OARs were contoured on the selected images. The CTV was defined as the entire prostate plus the proximal 1.5 cm of the seminal vesicles. The planning target volume (PTV) was generated by adding an 8 mm margin to the CTV in all orientations except posteriorly, where a 5 mm margin was used. The prescribed dose was 78 Gy in 39 fractions. All plans were normalized to PTV mean dose. The rectum and bladder were contoured as solid organs. The rectum was segmented from the level of the ischial tuberosities to the rectosigmoid flexure, and the bladder was contoured from its apex to the dome. Contouring of the planning CT was performed by three radiation oncologists who were in charge of the patients. Contouring of CTV on CBCT was performed by one radiation oncologist and rectal and bladder contouring was performed by one medical physicist. The plan was calculated twice using the coordinates of bone matching and the results of target matching.
Evaluations
Interfractional motion of the prostate was defined as the difference in coordinates between bone matching and target matching. Dx is defined as the dose delivered to x% of the volume and Vx is defined as the volume receiving x Gy of the dose. To investigate the dosimetric effect of the different matching methods, differences in Dx and Vx between target matching and bone matching were calculated. Changes in Dx and Vx were used as dosimetric indicators of the effect of the interfractional motion of the prostate on dose.
Dmean, D98, D95, D2 were used for CTV and V10, V20, V30, V40, V50, V60
and V70 were selected for OARs. Multiple linear regression analysis was used to evaluate the relationship between the difference in each of the dosimetric indicators and the interfractional motion of the prostate using SPSS Statistics® (IBM, Armonk NY, USA).
Results
The interfractional motion of the prostate in the anterior-posterior, superior-inferior and lateral directions measured (mean ± standard deviation) −1.9 ± 2.8 mm, 0.3 ± 2.2 mm, and −0.1 ± 0.7 mm (Figure 2) , where positive values indicate posterior, superior, and left directions, respectively. Figure 3 shows the differences in dose, where the target matching dose was subtracted from the bone matching dose. The bone matching dose produced higher increases in all dosimetric indicators to the rectum compared to the target matching dose, and resulted in lower doses to the CTV and bladder than the target matching dose. Table 2 shows the results of multiple linear regression analysis of the relationship between interfractional motion of the prostate and differences in 
Discussions
Several studies have reported the effect of interfractional motion of the prostate on the target or OAR dose [18] [19] [20] [21]. Thongphiew et al. [14] investigated the use of CBCT in five fractions/week between bone and target matching and reported that bone matching resulted in a higher rectal dose than target matching. Using MVCT for comparison, Rivest et al. [15] reported that the rectal dose was higher with bone matching when interfractional motion of the prostate was in the anterior direction. Hirose et al. [16] compared rectal wall dose and bladder wall dose using CBCT and reported no differences between doses from bone matching and target matching. Our results suggest that the rectal dose is higher with bone matching due to anterior interfractional motion of the prostate. This corresponds with findings by Rivest et al. [15] and Rijkhorst et al. [17] showing that anterior interfractional motion of the prostate is associated with increased rectal dose.
We showed correlations between interfractional motion of the prostate and In the CTV, there was only a small influence of interfractional motion of the prostate on the difference in dosimetric indicators. The lack of a clinically significant difference was presumably due to a sufficiently wide PTV margin setting. However, in some cases, posterior interfractional motion of the prostate caused a decrease in D95 to the CTV with bone matching, even with a distance shift within 5 mm of the posterior PTV margin (Figure 4) . The above cases were planned to allow < 95% of the prescribed dose to the posterior aspect of the PTV; we observed an increase in D95 to CTV with bone matching due to anterior interfractional motion of the prostate when these posterior regions received < 95% of the prescribed dose.
Sato et al. [23] reported that target matching was superior to bone matching due to the ability to use a smaller PTV margin. Our results indicate that when bone matching is used with the same PTV margins, the rectal dose increases when the interfractional motion of the prostate is anterior, and the CTV is at higher risk of a decreased dose when the interfractional motion of the prostate is posterior. Figure 4 shows cases in which the interfractional motion of the prostate exceeded the PTV margin, with the CTV dose steeply decreasing with bone matching. Compared with target matching, bone matching has a lower exposure dose and better throughput. However for the above reasons, we recommend using target matching.
There are several limitations to this study. First, CBCT images were used in the dose calculation. Therefore, errors can occur in the dose calculation compared to using CT images for treatment planning. Onozato et al. [24] reported errors of 1.2% in the rectum and 1.0% in the bladder by comparing the precision of dose calculations in 10 prostate cancer patients. Furthermore, in this study, dose calculations were performed on the same CBCT images at different coor-dinates, and the differences were compared. Therefore, the effect of calculation errors should be sufficiently small compared to cases using treatment plan CT images. Additionally, the intrafractional motion of the prostate was not investigated; this is important when considering matching methodology.
Conclusion
Comparison of bone matching and target matching techniques showed that the CTV dose and OAR dose varied depending on the degree and direction of interfractional motion of the prostate. And using bone matching may lead increasing of rectum dose or decreasing of CTV dose. Thus, this suggests target matching is a better matching method than bone matching.
